Introduction
Rijo Jacob Thomas et al [1] have conducted an exergy analysis on Collins cycle, results show that the first and the last heat exchanger should be taken seriously for their low exergy efficiency.
Rijo Jacob Thomas et al [2] also found that the optimal number of Brayton cooling stage is four to achieve the highest exergy efficiency in a helium liquefier.
M.D.Atrey [3] found that the optimal mass fraction into expander is 80% of the compressor mass flow to realize the maximum liquefaction rate as well as the minimum power consumption.
G.Cammarata et al [4] conducted optimization on thermodynamic parameters using genetic algorithm to get the lowest specific power consumption for helium liquefier where two expanders are connected in series.
Goal:a multi-objective optimization is carried out by genetic algorithm(GA) to realize maximum liquefaction rate as well as minimum capital cost. Mass fraction and temperatures into expanders, intermediate pressure between two expanders are variables to be optimized.
The exergy efficiency is also calculated and it is improved compared to the original data. (2) The system is working at steady state. (3) Dependency of variation in pressure, temperature and mass flow on the efficiency of compressors and expanders has been considered negligible [2] . (4) The isentropic efficiency of two turbines are assumed to be 69% and 66% respectively. Where, y is the liquefaction rate which is defined as the ratio of liquid helium mass flow to compressor mass flow. UA means the sum of the product of overall heat transfer coefficient and heat transfer surface area of all the heat exchangers.
b. Method of optimization
The mass fraction (me) and temperatures (T4,T6a), intermediate pressure (P5a) are variables to be optimized to obtain maximum liquefaction rate as well as minimum heat exchanger area. constrains during the optimization:The conservation law and the second law of thermodynamics, speed of turbine which shouldn't be higher than 250 m/s are constrains during the optimization. y is the liquefaction rate which is defined as the ratio of liquid helium mass flow to the total mass flow into compressor. UA is the product of overall heat transfer coefficient (W/m 2 .K) and heat transfer surface area (m 2 ) [5] . Obviously, stable solutions are reached when generation reaches 60.  It can be compared by FOM which indicates the economic performance to decide the performance of the system. Obviously, the system performs better when liquid nitrogen pre-cooling is added. Compared with the reference value presented in table 1, FOM increases greatly in the optimal condition. Liquefaction rate increases and UA decreases at the same time when parameters are set to be the optimal ones achieved by GA.
b. exergy analysis of the optimized system The exergy efficiency is attached below the corresponding component. The exergy efficiency of cold box is 26.9% when pre-cooled by liquid nitrogen, which is almost two times of that without nitrogen pre-cooling. The mainly reason is that nitrogen pre-cooling enhance the exergy efficiency of HX1 greatly and there is slightly increase of exergy efficiency for HX2,HX3,HX4and HX5.
conclusions
The results show a great improvement in economic performance. An exergy analysis is also performed to show the detail of exergy flow, the following conclusions can be drawn:  The optimal solutions are reached by genetic algorithm in two case, it shows great improvement compared with the reference values. The liquefaction rate increases and UA decreases at the same time.  When liquid nitrogen pre-cooling is added, the liquefaction rate is almost two times of that in no pre-cooling cindition.  When liquid nitrogen pre-cooling is added, the exergy efficiency of cold box is almost two times of that in no pre-cooling cindition, which coincidence with the trend of liquefaction rate.  Exergy analysis shows that the main reason for improved efficiency of cold box is the nitrogen pre-cooling.
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